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SUMMARY

Electron cooling will be used to cool and accu-
mulate antiprotons in the Fermilab p source. Succes-
sive p production cycles will be injected into the
cooling ring with offset momentum, and coalesced into
the stack using longitudinal electron cooling. The
stacking performance of electron cooling is evaluated.
It is shown that optimum p accumulation rate is ob-
tained by increasing the cooling energy until the
cooling time just matches the cycle time 7, for p pro-
duction. For Fermilab Tevatron I this corresponds to
Ts = 1.5 GeV, Te = 750 keV. The main features of the
electron beam design are described. For a primary
electron beam current Ie = 10A, we expect a-loss
current {to ground) {L£1OmA and a transverse tempera-
ture T,~0.25 eV.

1. Introduction

The Tevatron I program at Fermilab has as its
goal pp colliding beams at+s = 2 TeV. At the heart
of the program is the antiproton source. p's are
produced at T, = 4.5 GeV by collisions of 80 GeV
protons from the Main Ring. The antiprotons are in-
jected into a Precooler ring, using momentum stacking.
The momentum spread of the beam is cooled by a factor
~5 using filter stochastic cooling . The beam is then
decelerated to T, = 2.5 GeV. The original Schott%y
bandwidth is restored by the increase in=n= | A AL
The momentum spread is again cooled by a factor 5. The
beam is again decelerated to T, = 1.5 GeV to restore
the original Schottky bandwidth. The momentum spread
js cooled by a third factor 5. The antiprotons are now
ready for transverse cooling and accumulation. The
precooling sequence described above takes ~2 sec per
cooling step, for a total time & = 8 sec. The final
momentum spread at T, has beendecreased by a factor 50.

Final cooling and accumulation of the antiprotons
is done in a separate fixed-energy storage ring. We
must accumulate ~1000 p production cycles h1§rdenl
to achieve the design Tuminosity L = 10>° cm~ sec
Electron cooling is ideal for this purpose because it
can guickly cool a non-relativistic beam, with a
damping rate that is independent of stored intensity.
Stochastic cooling, on the other hand, uses statisti-
cal fluctuations of the ensemble as signal; its damp-
ing rate is inversely proportional. to stored intensity.

The choice of energy Ty for the Accumulator Ring
is obviously important. The transverse acceptance
of the p source is limited by the Precooler aperture
at the low-energy end of its cycle. This considera-
tion dictates that Ta be as large as possible, con-
sistent with a damping time 2 ¢ A

_ In Section II, we calculate the damping time for
p accumulation, taking care to expose all energy de-
pendences. This analysis provides a basis for choos-
ing the electron cooling energy. The electron beam
design is discussed in Section III.

II1. Electron Cooling for Accumulation

Antiprotons are injected into the Accumulator on
an off-momentum orbit, and then coalesced into the
stack using electron cooling. Cooling takes place in
all phase space dimensions. The momentum cooling rate
F,is the quantity of interest in choosing a cooling
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energy. The new p beam must be coalesced into the
stack in one precooler cycle %, .

Figure 1 shows the velocity distribution g,,

@B, for the antiprotons and the electrons in the rest
frame, These velocities are defined by

Bey = 4 2Te /et v 10

Be,= €8V /pynd ~ 10°°
b6y = bye
Bs = QSS?/‘P

In the analysis that follows, we will suppose
that initially

fes“Por 4 bey < B 3 @6,, é?ﬁ

The drag force 152

g - -4metsm ck>%
<78

(1)

= ()
F me*

where m is the electron density, (L/C) is the fraction
of the ring being cooled, and £ is the Coulomb loga-

rithm. This corresponds to a damping rate
- - unettn 1
X— 3FII—_' N = 3
113 ’;«\TFE"(C)@% (2
Now let us make explicit the energy dependence of
each of the quantities in Equation 3. Defining the e-
beam size in the cooling system to be a, the electron

density is .
n = 4 fratplce 4)

The transverse beam size is 1imited by the acceptance
€ of the precooler. With a lattice function B¢ in
the cooling system, the transverse beam size @ is

a;[,@,_e/rc &))
The rms angle is
o= {hre. = Hows 3

Since X\ is proportional to the length L of the cooling
system, we choose L = ﬁg_as a practical 1imit. This
yields L3

s xYC (¢AT) )

,&_: 12 x yzeferfnﬂ = ?KIO—H Ml/COu'lomb

Practical electron beam parameters are i = 10A,
a = 2.5cm. The Accumulator circumference C scales
with momentum: C =@ ¥C,, where C,~90m for a practical
Jattice. The Precooler acceptance is €~ 50x10 ©m.
Requiring a damping time 2, =8 sec, we obtain the
condition

¥ =155 ¥ =28

The Accumulator parameters are then T, =T, = 1.5 GeV,
¢ = 205m, B =L = 1Zm.
We now return to the assumptions following Equation

(P

2583

0018-9499/81/0600-2583800.75©1981 IEEE



1. The initial rest frame transverse velocity is

bﬁ‘L:@KO = 3

The momentum acceptance of the Precooler is ~4%, so
the pre-coo]eg rest frame longitudinal velocity is
§p/p*8 x 10°7. The fresh beam is injected on an off-
momentum orbit, so

by, ¥ 256 0p = 2%10

Thus the initial assumptions are justified.

2% 10

3

The invariant emittance of antiprotons accepted
in the cooling system is

&, e;g,}r = ST lc?b ™,

This corresponds to an increase of a factor 3.4 in P
accumulation over the design using accumulation at
T3 = 200 MeV.

II. Electron Beam Design

The electron beam parameters for cooling at
Tp = 1.5 GeV are given in Table I. The gun is shown
in Figure 2. It has immersed-field Pierce geometry,
with uniform magnetic guide field. An electrostatic
lens triplet (1,2,3 Figure 2) allows tuning for
quiescent transverse temperature (Tr0.25 eV). The
main acceleration takes place in a uniform-gradient
column. The Larmor excitation in the toroid-solenoid
transitions is resonantly cancelled. Clearing elec-
trodes are provided for removing slow electrons trapp-
ed in the beam.

The optics of the gun and column geometry is shown
in Figure 2. Also shown is a parametric plot in
(§¢,6,) of the 1ife history of a ray near the edge of
the beam, Figure 3.

The collection process will be arranged as in the
present Fermilab design. The beam is decelerated to
Ve~few kV upstream of the collector anode, then gently
reaccelerated into the collector. Residual gas ions
are trapped in the anode region, and neutralize the

Figgre 1. Velocity distributions of electrons and
antiprotons before cooling.

electron space charge. The resulting equipotentials
form a virtual grid which retards backscattered elec-
trons from being reaccelerated. In this way we have
suppressed beam losses (which mus; be supplied from
ground) to the level of ~5 x 10° For a primary beam
current of 10A, the high voltage power supply must be
capable of delivering~20mA. Cockroft-Walton stacks
with this capability are routinely available today.

In summary the design and construction of the
750kV, 10A electron beam required for the p source
appears to be quite feasible. The optics and high
voltage aspects have been researched in detail, and
work will soon begin on hardware.

TABLE I

Parameters of the Electron Beam
Energy 750 kv
Current 10 A
Temperature 0.25 eV
Cooling Length 12 m
Guide Field 1.5 kG
Beam Diameter 5 cm
Loss Current 10 mA
p Lattice 8¢ 12 m
Damping Time 8 sec
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Figure 3. Parametric plot in (vr,v¢) of the 1ife
history of a peripheral ray.
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Figure 2. Calculated tr;jectories in the gun design (750 k¥, 10 A)
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